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The LHC experiments will perform sensitive tests of physics phenomena beyond the Standard
Model (BSM). Decays of beauty hadrons represent an alternative approach in addition to direct
BSM searches. In rare B-decay sector, ATLAS concentrates on the decays with two muons in
final state. In the family of semi-muonic rare decays, ATLAS prepares measurements in six decay
channels of Bd , Bs and Λb. After three years of running with luminosity 1033 cm−2s−1, ATLAS
will be able to unambiguously confirm or exclude certain classes of Minimal Supersymmetric
Standard Model (MSSM) in confrontation with Standard Model. The strategy is to carry on the
B-decay program in the di-muon channel by adjusting appropriately the trigger thresholds up to
nominal LHC luminosity. In particular, for the Bs → µµ channel, a branching fraction sensitivity
up to few times 10−10 is expected already after one year of LHC operation at a luminosity of
1034 cm−2s−1. This precision allows confirming or excluding the Standard Model predictions for
the branching ratio of Bs → µµ unambiguously.
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Measurements of rare B-decays at ATLAS
1. Motivation
ATLAS has a dedicated B-Physics program which concentrates on measurements that extend
the discovery potential for physics beyond the Standard Model (SM). Measurements of rare B-
decays is a good example. Decays of B mesons are mediated by flavour changing neutral currents
that are forbidden in Standard Model at tree level. Doubly muonic decays occur only at loop level.
The lowest order contributions involve penguin loops and box diagrams, shown in Fig.1, that are
CKM suppressed. Thus the expected branching ratios (BR) are tiny (< 10−6).
In extensions of the Standard Model, such as Minimal Supersymmetric Standard Model (MSSM),
these branching fractions are enhanced or diminished by several orders of magnitude. For example,
the cross section of the very rare decay Bs → µµ has strong dependance (∝ tan6 β ) on the ratio β
of the vacuum expectation values for charged and neutral Higgs bosons. Thus the existence of new
particles in the loop affects directly the BR of this decay. The measurements of rare B-decays can
be an indirect but clear signature of existence of physics beyond the Standard Model. On the other
hand, the experimental validation of the Standard Model expectation value for this BR can exclude
some MSSM models.
Figure 1: Lowest-order Standard Model contributions to Bs → µµ decay.
2. B-Physics at LHC
The cross-section of b¯b-pair production at LHC energy (14 TeV) is huge (σb¯b ∼ 500 µb),
making LHC a B-factory. Inside the fiducial volume |η | < 2.5 of ATLAS, 100 b¯b pairs/sec will
be produced and the integrated luminosity expected to be reached after 3 years of operation at
an instantaneous luminosity of 1033 cm−2s−1 is 30 fb−1. Already existing measurements at B-
factories suffer from low statistics, so the attention has been drawn to the LHC experiments. One
of them is the LHCb experiment [1], which is dedicated to B-Physics. The ATLAS experiment [2],
although it is a general purpose experiment, will be able to provide results comparable with LHCb
in some channels, such as the semi-leptonic rare and very rare B-decays.
2.1 ATLAS B-Physics trigger strategy
In the environment of massive b¯b production, the ATLAS B-Physics program requires a fast,
efficient and highly selective trigger in order to distinguish interesting B-decays from the bulk
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of b¯b-production. The ATLAS trigger decision is made at three levels, Level-1 (LVL1), Level-
2 (LVL2) and Event Filter (EF). For B-Physics it is based on the detection of di-muonic final
states. At LVL1, the decision is based on detection of two muons by fast muon trigge r chambers.
The muons should be confirmed at LVL2. At LVL2 and EF specific algorithms perform more
sophisticated checks and form a di-muon invariant mass. At luminosity of 1033 cm−2s−1 ATLAS
can maintain an acceptable rate of di-muon event candidates with a threshold on muons’ pT of 6
GeV. The aim of the B-Physics program is to keep running during the high luminosity phase (1034
cm−2s−1) as well. Then ATLAS will still have the ability to trigger on di-muons from B-decays by
increasing the momentum thresholds in order to maintain reasonable LVL1 di-muon rates. Thanks
to that, ATLAS can increase the statistics of the B-decay channels by a large factor. Therefore there
are good prospects for measuring rare B-decays and being competitive at the same time even to the
dedicated B-Physics experiment LHCb.
3. Rare B-decays at ATLAS
ATLAS, having an elaborate muon system extended over a large region of solid angle, can
reconstruct di-muon final states with good efficiency (90% for 6 GeV muons [3]). The muon system
combined with the inner detector can provide good mass resolution as well (for J/ψ , σ ∼50 MeV
[3]). Therefore searches are concentrated on the rare semi-muonic and very rare purely muonic
decays of B mesons with two muons in final state (Table 1).
Table 1: List of semi-muonic rare and very rare B-decays to be studied at ATLAS
Decay SM Branching ratio
Bd → K0∗µ+µ− 1.3 ·10−6
Bs → φ µ+µ− 1.0 ·10−6
B+ → K+µ+µ− 3.5 ·10−7
B+ → K∗+µ+µ− 1.0 ·10−6
Λb → Λµ+µ− 2.0 ·10−6
Bs → µ+µ− 3.35 ·10−9
3.1 Semi-leptonic rare decays
Semi-leptonic decays which are induced by transitions b → sµµ have a typical branching
ratio of ∼ 10−6. Currently, precision measurements of these decays at B-factories are limited by
statistics, leaving space for ATLAS to have a contribution along with the other LHC experiments.
The interesting measurements for these decays are:
• forward-backward asymmetry which is sensitive to new physics
• branching ratio (BR)
• di-muon mass spectrum
The main points in the analysis strategy of these decays are shown for the Bd → K0∗µ+µ−
channel, as all the semi-leptonic rare B-decays have similar topologies. The main points are:
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• Form vertices of two oppositely charged muons and apply vertex quality and invariant mass
cuts.
• Reconstruct K0∗ candidates from the K0∗→ K±pi∓ decay by forming two-track vertices and
applying vertex quality, invariant mass and transverse momentum cuts.
• Reconstruct Bd candidates by combining dimuon and K0∗ vertices to form their hypothetical
mothers as four-track vertices, then apply vertex quality, invariant mass, transverse momen-
tum and proper decay length cuts.
3.2 Very rare decays: Bs → µ+µ−
The very rare decays such as Bs,d → µµ have not yet been accessible to B-factories, since very
high integrated luminosity is needed. LHC provides us with the chance to measure such very rare
decays, and the efforts are focused on Bs → µµ with an expected BR of 10−9, since the BR of
Bd → µµ is ∼ 40 times smaller. The interesting observable for this decay that is sensitive to new
physics is the BR.
Current experimental limits for the very rare decay Bs → µµ (see Table 2) [5] [6] are one order
of magnitude above the Standard Model expectation for the branching fraction. In MSSM the BR
for this decay is proportional to tan6 β , where β is the ratio of the vacuum expectation values for
charged and neutral Higgs bosons. The confirmation of the values predicted by the Standard Model
would be an unambiguous result towards confronting certain family of models beyong the Standard
Model.
Table 2: Standard Model prediction and current experimental limits on BR from Tevatron at 90% (95%)
C.L.
Decay SM prediction [4] CDF 2 fb−1 [5] D0 1.3 fb−1 [6]
Bs → µ+µ− 3.42±0.54 ·10−9 9.4 ·10−8(1.2 ·10−7) 4.3(5.3) ·10−8
The main issue in measuring the very rare decay Bs → µµ is to identify and control the back-
ground. Possible sources of background are:
• combinatorial background from processes b¯b, cc¯, b¯bb¯b, b¯bcc¯ → µµX , with muons originat-
ing mainly from semi-leptonic b or c-quark decays
• other B-decays of similar topology (B → K±pi∓, B → K±K∓, B → pi±pi∓, B → K±µ∓ν ,
B → pi±µ∓ν), where hadrons are misidentified as muons.
Although the probability to misidentify kaons or pions as muons is of the order of ∼ 0.5%, the
extremely small BR of the signal channel requires taking into consideration all above B-decays
that might contribute as background. In present studies, apart from the combinatorial background,
the Bs →K±µ∓ν (BR ∼ 10−4) and Bs →K±pi∓ (BR < 10−4) contributions are taken into account,
while other contributions are estimated to be of the same or smaller order.
At trigger level, dedicated algorithms for B-physics are able to reduce the di-muon background
preserving rare signal events as much as possible. The overall efficiency of all trigger levels com-
bined in terms of signal preservation is estimated to 46% [3].
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Figure 2: Event selection paramaters are pointing angle (a), spatial isolation of muon tracks in the inner
detector (b) and transverse decay length (c). Black circles indicate the signal Bs → µµ events, while open
circles correspond to the b¯b → µµX background. The arrow indicates the regions of events that are kept.
Before the offline analysis, some preselection criteria are used: 4 GeV < M(µµ) < 7.3 GeV,
vertex fit χ2 < 10, transverse decay length Lxy < 20 mm. During the offline reconstruction, in order
to reduce the background events further, the following discriminating variables and cuts are chosen
(see Fig.2):
• Spatial isolation of muons in the inner detector as the fraction of pT of the di-muon over the
pT - sum of all other tracks with pT > 1 GeV within a certain cone in η and φ around the
momentum vector of the µµ-pair, I > 0.9.
• Transverse decay length, Lxy > 0.5 mm.
• Pointing angle between the di-muon momentum and the direction defined by the primary and
secondary vertex, α < 0.017 rad.
• Asymmetric mass window Mµµ ∈ [MBs−σ ,MBs + 2σ ] to avoid possible contributions from
Bd → µµ decay
The invariant mass resolution varies from 70 MeV (both muons in barrel) to 124 MeV (both muons
in end-cap). In this study the expected resolution is estimated to σ =90 MeV.
Following this strategy for the selection of Bs → µµ events, we come to the results that are
shown in Table 3, normalized at 10 fb−1 of integrated luminosity. In the end, we expect a yield
of 5.7 signal events. The background distribution after the cuts is shown if Fig.3 (b). The main
contribution is coming from b¯b → µµX events. We expect 14+13−10 events inside the signal region.
The other sources of background that were studied are the Bs → K+pi− and Bs → K+µν . The
contribution from Bs →K+pi− decay is two orders of magnitude smaller than the contribution from
b¯b → µµX , whereas the contribution from Bs → K+µν decay is negligible in the signal region.
The baseline formula for BR limits estimation from real data is this:
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Table 3: Selection efficiencies and numbers of expected signal and background events for integrated lumi-
nosity of 10 fb−1, computed according to the Standard Model expectation. In the column for the b¯b→ µµX
background efficiencies the effects of the pointing angle and transverse decay length are given either sepa-
rately (left column), or combined (right column).
Selection cut B0s → µ+µ− efficiency b¯b → µ+µ−X efficiency
Iµµ > 0.9 0.24 (2.6±0.3) ·10−2
Lxy > 0.5mm 0.26 (1.4±0.1) ·10−2
(1.0±0.7) ·10−3
α < 0.017 rad 0.23 (8.5±0.2) ·10−3
Mass in [−σ ,2σ ] 0.76 0.079
TOTAL 0.04 0.24 ·10−6 (2.0±1.4) ·10−6
Events yield 5.7 14+13−10
) [GeV]µ µMass(





















ν µ K →0sB
ATLAS
(a) (b)
Figure 3: The invariant mass of pre-selected signal events along with backgrounds (a) and surviving events
after applying all cuts (b). The combinatorial background is effectively suppressed. The numbers of events
have been scaled to 10 fb−1 of integrated luminosity.
where N is the number of observed events, α is the acceptance of detector and trigger, ε is the
efficiency of trigger, reconstruction and event selection (= εtrig · εreco · εselection) and fu, fs are the
fragmentation functions for b→ B+ and B0s respectively. The formula depends on the simultaneous
measurement of a reference channel with similar topology, used for normalization and cancellation
of systematic uncertainties. The channel we use as reference in ATLAS is B+ → J/ψ(µµ)K+ [3].
Some of the sources of systematic uncertainties are listed below and are due to either the
Monte Carlo predictions or the real data analysis.
• theoretical uncertainty of the b¯b-production cross-section at LHC energy
• detector misalignment and material effects
6
Measurements of rare B-decays at ATLAS
• efficiency of the trigger, reconstruction and signal selection cuts
• estimation of background from sideband interpolation
These systematics are expected to cancel in the ratio with the reference channel B+→ J/ψ(µµ)K+,
since the di-muon topologies are very similar for both channels and they are subject to the same
trigger conditions.
4. Conclusions on the semi-leptonic rare and very rare B-decays
Regarding the semi-leptonic rare decays, ATLAS will be in the position to exclude some
MSSM based models after 30 fb−1 of integrated luminosity, using the forward-backward asym-
metry of Bd → K0∗µµ decay.
In the very rare B-decay channel Bs → µµ for an integrated luminosity of 10 fb−1, about 5.7
events are expected, assuming the Standard Model cross-section. The background will be domi-
nated by b¯b → µµX events, of which 14+13−10 are expected in the signal region. Background contri-
butions from exclusive decay channels are expected to be lower by at least two orders of magnitude.
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